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Abstract: Highway safety is essential to transportation engineering because of road accidents 11 

are an unavoidable and unpredictable feature of everyday life. Accidents are also caused by a 12 

wide range of other factors, either directly or indirectly. Finding hazardous areas where traffic 13 

accidents happen is essential for improving highway safety. The accident conditions on the 14 

Yangon-Bago Highway are compared in this study between two time periods, namely the first 15 

period (2009–2010) and the second period (2017–2018). This comparison aims to identify 16 

trends in accident frequency and severity, examining factors such as traffic volume, road 17 

conditions, and driver behavior during these periods. According to the study, there were three 18 

dangerous zones in first period and fifteen in second period. Understanding accident prone 19 

areas can help lower the number of traffic accidents and enhance road safety for all road users. 20 

Keywords: Traffic Accidents, Highway Safety, Hazardous Zones. 21 

 22 

1. INTRODUCTION 23 

 24 

These days, road accidents are a global issue that have a significant negative impact on 25 

people, property, and society. Approximately 1.35 million individuals lose their lives in traffic 26 

accidents each year, and these accidents cost the majority of nations 3% of their GDP. 27 

Pedestrians, cyclists, and motorcyclists are the most vulnerable road users, accounting for 28 

almost half of all traffic fatalities. Therefore, it is essential to use effective measures to lower 29 

the number of traffic accidents. In Myanmar nowadays, transportation is essential for both 30 

passenger movement and the carrying of products and other items. Therefore, it's also 31 

essential that major highways, expressways, and other roads be properly planned and 32 

improved for the benefit of users. The choice of roadway location and geometric elements are 33 

the main concerns of highway design. One fundamental first stage in the planning of a new 34 

roadway is choosing its location. The geometric pattern will be properly implemented. 35 

The goal of this literature review is to give a broad overview of road safety 36 

management systems, covering its key elements, roles, and decision-making procedures. 37 

Based on the available literature, it provides a simplified form of the literature review that was 38 

done early in the project to outline the framework and fundamental ideas of road safety 39 

management as well as to make reference to the data, knowledge, and tools that are required 40 

for this purpose. The results are concentrated on road safety management and the key 41 

elements that are linked to "good practice" in this area. 42 

 43 

 44 

2. LITERATURE REVIEW 45 

 46 

One of the leading causes of violent deaths worldwide is traffic accidents. Every day, a 47 

large number of individuals are killed or injured in road accidents, and the expense is 48 

excessive. Traffic accident analysis should be conducted to identify the dangerous locations 49 
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on a road in order to reduce the frequency of traffic accidents. Traffic accidents are irregular 50 

and unpredictable. Nonetheless, road accidents have resulted in numerous fatalities and 51 

injuries worldwide. These outcomes can be caused by a variety of variables, the primary 52 

among them being reckless driving, a lack of infrastructure, the environment, the weather, etc. 53 

Driver behavior, vehicle safety, and roadway safety are the first three main facets of highway 54 

safety.  55 

Roadway safety is a component of highway safety that is influenced by the physical 56 

characteristics of the road, including its design, signs, surface markings, operating conditions, 57 

roadside items (such utility poles, signs, trees, and guardrails), bridges, and intersections. 58 

Highway crashes have significant negative effects on communities, both psychologically and 59 

economically. Road safety management is the process of developing and implementing 60 

policies and programs to reduce the risk of road traffic injuries and fatalities. It also involves 61 

monitoring and evaluating the effectiveness of these programs. It is also a collaboration of all 62 

elements of the road system to minimize the chance of a crash. 63 

 64 

3. METHODOLOGY 65 

  66 

The purpose of this study is to suggest road safety management based on an evaluation 67 

of traffic accidents across two time periods as well as roadway and roadside safety 68 

assessment. In order to reduce traffic accidents and increase highway safety for all users, it is 69 

important to study accident analysis and the identification of accident prone locations. 70 

 71 

3.1 Study Area 72 

 73 

The highway that links between Yangon and Bago cities is considered as study area in 74 

this study. Yangon is the largest city in Myanmar and the industrial and commercial center of 75 

the country. Bago is also the capital city of Bago Division and it is one of the cities in 76 

Myanmar that connects country’s largest economic city Yangon, governmental capital 77 

Naypyitaw and second largest city Mandalay. These two major cities of Yangon and Bago are 78 

connected with this Yangon-Bago Highway and it is a main highway that links Upper 79 

Myanmar and Lower Myanmar of our country. The length of Yangon-Bago Highway is 32 80 

miles 6 furlongs (52.7 km). The location of the study area is shown in following Figure 1. 81 

 82 

 83 
          Figure 1. Location of the Study Area 84 

 85 

3.2 Data Collection and Methods of Analysis 86 

 87 

The traffic accident data and statistics of Yangon-Bago Highway during two periods 88 

are collected from Myanmar Police Force. The traffic accident data which is caused on this 89 

Bago Division 

(17 miles 2 Furlongs) 

Yangon Division 

(15 miles 4 Furlongs) 
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highway during first period (from 2009 to 2010) and second period (from 2017 to 2018) are 90 

collected. These accident record data are collected from five police stations which are Bago 91 

No.1. No.2, No.3, Indakaw and Hlegue Police Stations. The more traffic flow on this highway, 92 

the more road traffic accidents happens. Therefore, the traffic volume data of these two 93 

periods are also collected from two toll gates such as Htauk Kyant and Bago toll gates. This 94 

highway is responsible with BOT system by Max Highway Company Limited. Therefore, 95 

traffic volume data of this highway are collected from this Company.  96 

The implementation program of this study is shown in following Figure 2. 97 

 98 

 99 

 100 

 101 

 102 

  103 

 104 

 105 

 106 

 107 

 108 

 109 

 110 

 111 

 112 

 113 

 114 

 115 

 116 

 117 

                 118 

 119 

 120 

 121 

Figure 2. Implementation Program of Study 122 

 123 

In this study, firstly, accident analysis is carried out and accident prone locations are 124 

then analyzed by frequency method, accident severity index method and Kernel density 125 

estimation (KDE) method to determine high hazardous zones along Yangon-Bago Highway. 126 

After the high hazardous zones are known, the assessment of highway accident and safety 127 

condition is also carried out and then, suitable remedial countermeasures for this hazardous 128 

zones with road safety management can be suggested to reduce accident rate and to improve 129 

highway safety.  130 

 131 

3.2.1. Frequency Method 132 

  133 

A number of statistical methods and models have been used to estimate accident rates 134 

and accident frequencies at a specific location over a given interval of time. Among these 135 

methods and models, frequency method is used in this study to identify and ranking of 136 

blackspot locations on the basis of the number of accidents. This method is commonly used to 137 

measure the safety for a dangerous location. Highway systems of 2,500 miles or less can 138 
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generally adopt this method. In this study, the length of the selected highway is 32 miles 6 139 

furlongs and therefore, this highway is adaptable with frequency method. There is no 140 

consideration given to exposure or accident severity. 141 

 142 

3.2.2. Accident Severity Index Method 143 

 144 

A number of statistical models have been used to estimate accident rates and/or 145 

accident frequencies at a specific location over a given interval of time. A site is considered to 146 

be dangerous when its priority value (P), calculated using the following formula, equals 15 or 147 

more: 148 

 149 

P=X+3Y+5Z                                                        (1) 150 

 151 

Where, X = total number of light injuries 152 

Y = total number of serious injuries 153 

Z = total number of deadly injuries 154 

 155 

3.2.3. Kernel Density Estimation Method 156 

 157 

 In this study, Kernel density estimation (KDE) method is used which is one of the 158 

most common methods for identifying hotspots for crime and crash, due to a smooth and 159 

continuous surface map of risk targets within the study area. Kernel density estimates the 160 

density of events around these points, scaled by the distance from the point to each event. The 161 

density of events is highest when the radius from the point is zero and the density decreases 162 

when the radius increases. 163 

 The primary benefit of the KDE approach over traditional statistical clustering 164 

techniques is that the kernel's bandwidth expresses the uncertainty regarding the precise 165 

location of a traffic accident, hence distributing the accident risk. To find the dangerous areas 166 

and accident trends, both simple and kernel density were used. In order to identify accident 167 

hot and cold spots, the clustering analysis has been examined in relation to accident categories 168 

and incidence times. The spatial analyst extension in this work uses the kernel density 169 

estimation approach to discover accident trends and dangerous spots on the Yangon-Bago 170 

Highway. 171 

 172 

3.2.4. Crash Reduction Factor and Crash Modification Factor  173 

 174 

A crash reduction factor (CRF) is the percentage of crash reduction that might be 175 

expected after implementing a given countermeasure at a specific site. A crash modification 176 

factor (CMF) is a multiplicative factor used to compute the expected number of crashes after 177 

implementing a given countermeasure at a specific site. 178 

 179 

CMF=1-(CRF/100)                                                   (2) 180 

 181 

 CMF is that CRF provides an estimate of the percentage reduction in crashes. CMF is 182 

a multiplicative factor used to compute the expected number of crashes after implementing a 183 

given improvement. It is important to note that a CMF represents the long-term expected 184 

reduction in crashes and this estimate is based on the crash experience at a limited number of 185 

study sites; the actual reduction may vary.  186 

 187 
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4. ANALYSIS AND RESULTS 188 

 189 

The road condition of Yangon-Bago Highway between two nonconsecutive periods 190 

are not significantly changed. The road performance conditions of Yangon-Bago Highway are 191 

mentioned as follows: 192 

 193 

Table 1. Road Condition of Yangon-Bago Highway 194 

Design year, n 20 years 

Design speed The speed limit is 30 mph (48 km/h) within city 

boundaries and 50 mph (80 km/h) outside city limits. 

Length of highway 32 miles 6 furlongs (52.7 km)  

Right-of-way 100 ft 

Number of traffic lanes 6 lanes 

Width of travelled lane 12 ft 

Width of pavement 72 ft 

Width of shoulder 6 ft 

Width of median 8 ft 

Type of pavement Bituminous  

Type of highway Multilane highway 

 195 

 196 

4.1. Traffic Volume and Growth Rate between Two Periods 197 

 198 

 The traffic volume Yangon-Bago Highway's for two time periods is gathered from 199 

Htauk Kyant Toll and Bago Toll of Max Highway Company, which are in charge of the 200 

B.O.T system, and compared in this study. 201 

 202 

       203 
 204 

Figure 3. Traffic Volume between Htauk Kyant Toll and Bago Toll 205 

  206 

 It was observed that the traffic volume at Htauk Kyant Toll significantly increased 207 

during the second period compared to the first period. Similarly, traffic volume at Bago Toll 208 

also rose in the second period. The increase in the number of vehicles may lead to a higher 209 

risk of traffic accidents on the highway. 210 



 

 6 

 The growth factor of traffic volume are calculated by Linear Growth formula to know 211 

the traffic volume development rate between two different years of the same highway. The 212 

traffic volume conditions between two toll gates located on this highway are described in 213 

Figure 3. Linear Growth increase in traffic volumes over time. This method assumes a 214 

constant amount of growth in each year and does not consider a capacity restraint. 215 

 216 

Future Volume = GF x Base Year Volume                    (3) 217 

Where: 218 

GF = Growth Factor = 1 + (G x N)                               (4) 219 

G = Linear annual growth rate, expressed as a decimal 220 

N = Years beyond the base year 221 

  222 

In this study, the forecast 7-year traffic volumes are developed based on historical 223 

counts. The traffic volume data between two toll gates that are located on this highway are 224 

described in figure 2. Based on these data, the 7-year growth factor would be 1.709. Assuming 225 

linear growth in the future, the annual growth rate would be (1.709–1.0)/7 = 0.1014, or 226 

10.14%. 227 

 228 

4.2. Accident Analysis between Two Periods 229 

  230 

 This research analyzes accident patterns on the Yangon-Bago Highway between first 231 

period (2009-2010) and second period (2017-2018), identifying critical trends and high-risk 232 

locations. The findings are crucial for policymakers and road safety engineers as they develop 233 

effective strategies to mitigate accidents and improve safety on the highway. The number of 234 

casualties, classified by severity, was collected along the highway. According to the traffic 235 

accident statistics and records, the breakdown of casualties by severity is presented in Table 2.  236 

 237 

Table 2. Comparison of Crash Severity and Number of Casualties  238 

Crash Severity 
Number of Casualties (Persons) 

2009-2010 2017-2018 

Total Number of Crashes 112 234 

Fatalities 25  41 

Serious Injuries 86 98 

Slight Injuries 93 105 

 239 

 240 

4.2.1. Gender Distribution in Traffic Accidents  241 

 242 

 The gender-based distribution percentages among accidents on the Yangon-Bago 243 

Highway between two different time intervals is shown in the two pie charts. The risk profiles 244 

linked to various genders in traffic accidents are revealed by these charts, which also illustrate 245 

important demographic trends. 246 

  247 
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Figure 4. Percentage of Gender 248 

 249 

 The gender gap in accidents is much more noticeable in Figure 4. In both periods, 250 

males made up a surprising 79% and 82% of the total, while females accounted only 21% and 251 

18%. The difference emphasizes how male drivers are more likely to suffer slight or serious or 252 

even fatal injuries in collisions. 253 

 254 

4.2.2. Road Accidents by Type of Collision  255 

  256 

 In this study, the road accident data are based on two nonconsecutive periods of 257 

Yangon-Bago Highway. The total road accidents in Yangon-Bago Highway are categorized 258 

into six main groups as shown in Figure 5. 259 

 260 

            261 
Figure 5. Comparison of Accident Frequency Distribution by Types of Collision 262 

 263 

 The above Figure 5 shows the road accidents by type of collision that occurred along 264 

Yangon-Bago Highway. Along this highway, there were 112 accidents in the first period and 265 

234 in the second period. Collisions with other motor vehicles on the roadway were 266 

determined to be the primary cause of the greatest percentage of injuries, accounting for 32 267 

percent and 46 percent for both periods. Driver fatigue, careless driving, reckless overtaking, 268 

and excessive speeding are the causes of this. Therefore, it is recommended that drivers slow 269 

down, particularly in busy areas, and pay attention to warning signs and traffic signs. Drivers 270 

must abide by traffic restrictions, especially when it comes to preventing accidents on 271 

highways. 272 

 273 
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4.2.3. Vehicle Involvement 274 

  275 

 The Figure 6 represents the involvement of vehicles in accidents along Yangon-Bago 276 

Highway. 277 

 278 

  

Figure 6. Frequency of Vehicle Types on Accidents in Two Different Periods 279 

 280 

 It is observed that the motorcars and motorcycles are the most involved vehicles in 281 

accidents on Yangon-Bago Highway on both periods. This can be the factor that most of the 282 

local people use second-hand cars and they have no or less safety features for vehicle users. 283 

The motorcycle is the most popular mode of transport especially in rural areas. To reduce the 284 

severity of motorcycle accidents, the motorcyclists should wear the helmet whenever they 285 

drive motorcycles and they should follow the law enforcement exactly. To get more safety, the 286 

motorcycles entering on the highway should be enforced the helmet law along Yangon-Bago 287 

Highway. 288 

 289 

 290 

4.2.4. Time of Accidents in Yangon-Bago Highway 291 

 292 

 Road accidents in Yangon-Bago Highway are studied and analyzed in terms of hour 293 

and month according to the time of accident occurring. The number of accidents caused by 294 

different times is needed to study in Yangon-Bago Highway. Firstly, the occurring time of 295 

accidents are studied in term of hour. This investigation helps to know the highest accident 296 

time can be occurred. Figure 7 shows accidents in different time periods. 24 hours can be 297 

divided into day time and night time in every three hours. 298 

 299 

.  300 

Figure 7. Comparison of Accident during Different Time Intervals (in terms of hour) 301 
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 Through the above Figure 7, it is observed that the accidents which occurred during 302 

the night is more than accidents which occurred during the day in both periods. This is due to 303 

the fact of drinking alcohol by drivers, high speed, drowsiness and the weakness of highway 304 

lighting at nighttime. 305 

  306 

 307 
Figure 8. Accident Distribution during Different Time Intervals (in terms of month) 308 

 309 

 Figure 8 shows the accidents that occurred in different month of Yangon-Bago 310 

Highway in two periods (2009-2010 and 2017-2018). It is observed that June with 13 percent 311 

became the black month in first period and 12 percent in second period on Yangon-Bago 312 

Highway.  313 

 314 

4.3. Identification of High Hazardous Zones by Frequency Method 315 

   316 

 The frequency of accidents along Yangon-Bago Highway during first period 317 

(2009-2010) and second period (2017-2018) are shown in following Table 3. In this study, 318 

frequency method is used to analyze the traffic accidents. It is suitable to use for ranking the 319 

accident locations on this highway according to the data information. It is denoted 0.5 miles 320 

(4 Furlongs) interval as each zone and the zones are notified as Z. According to the frequency 321 

of traffic accidents, the dangerous locations on the highway of both periods can be ranked and 322 

studied. 323 

 324 

Table 3. Frequency of the Accidents in Two Time Intervals 325 

Zone No. 

(Z) 

Miles Frequency 

(2009-2010) 

Frequency 

(2017-2018) 

Total 

Frequency 
Rank 

From To 

1 1 1.5 0 4 4 13 

2 1.5 2 0 1 1 16 

3 2 2.5 2 0 2 15 

4 2.5 3 3 8 11 6 

5 3 3.5 0 0 0 17 

6 3.5 4 3 2 5 12 

7 4 4.5 0 6 6 11 

8 4.5 5 2 2 4 13 

9 5 5.5 1 1 2 15 

10 5.5 6 3 1 4 13 

11 6 6.5 2 2 4 13 

12 6.5 7 3 6 9 8 
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13 7 7.5 5 5 10 7 

14 7.5 8 4 2 6 11 

15 8 8.5 4 2 6 11 

16 8.5 9 0 0 0 17 

17 9 9.5 3 3 6 11 

18 9.5 10 0 0 0 17 

19 10 10.5 0 0 0 17 

20 10.5 11 1 2 3 14 

21 11 11.5 2 2 4 13 

22 11.5 12 1 0 1 16 

23 12 12.5 0 0 0 17 

24 12.5 13 2 1 3 14 

25 13 13.5 1 2 3 14 

26 13.5 14 2 0 2 15 

27 14 14.75 3 9 12 5 

Mile Post changes suddenly from 14 Miles 6 Furlongs to 31 Mile due to entering of 

No.2 Main Road comes in this intersection (Za Yat Kwin Intersection) 

28 31 31.5 0 0 0 17 

29 31.5 32 3 4 7 10 

30 32 32.5 0 2 2 15 

31 32.5 33 1 4 5 12 

32 33 33.5 2 6 8 9 

33 33.5 34 1 10 11 6 

34 34 34.5 1 4 5 12 

35 34.5 35 0 3 3 14 

36 35 35.5 1 4 5 12 

37 35.5 36 2 12 14 4 

38 36 36.5 1 7 8 9 

39 36.5 37 0 0 0 17 

40 37 37.5 1 3 4 13 

41 37.5 38 2 2 4 13 

42 38 38.5 0 2 2 15 

43 38.5 39 0 2 2 15 

44 39 39.5 2 2 4 13 

45 39.5 40 0 0 0 17 

46 40 40.5 0 3 3 14 

47 40.5 41 1 2 3 14 

48 41 41.5 2 1 3 14 

49 41.5 42 0 0 0 17 

50 42 42.5 0 2 2 15 

51 42.5 43 2 7 9 8 

52 43 43.5 3 5 8 9 

53 43.5 44 2 2 4 13 

54 44 44.5 0 6 6 11 

55 44.5 45 4 7 11 6 
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56 45 45.5 2 8 10 7 

57 45.5 46 1 1 2 15 

58 46 46.5 0 1 1 16 

59 46.5 47 1 2 3 14 

60 47 47.5 3 7 10 7 

61 47.5 48 0 6 6 11 

62 48 48.5 3 12 15 3 

63 48.5 49 7 15 22 1 

64 49 49.5 9 13 22 1 

65 49.5 50 8 8 16 2 

 326 

 327 

4.4. Identification of High Hazardous Zones by Accident Severity Index Method 328 

 329 

Each zone is divided into 0.5 miles interval. To get their priority values of each zone in 330 

Yangon-Bago Highway, the numbers of minor injuries, numbers of major injuries and 331 

numbers of fatalities in this highway during two time intervals are collected from Myanmar 332 

Police Force. The priority value of each zone is calculated by using Equation 1. The priority 333 

values of each zone during two periods are shown in the following Figure 9 and 10. 334 

 335 

 336 
Figure 9. Priority Values of Each Zone (2009-2010) 337 

 338 

 339 
Figure 10. Priority Values of Each Zone (2017-2018) 340 

 341 

 In this study, there are 65 zones on this highway and mile post changes suddenly from 342 

14.75 miles to 31 miles between zone 27 and 28. This is because of the addition of the length 343 

of No.2 Main Road. If the priority value based on the Severity Index Method is greater than 344 

15, this zones can be classified as high hazardous zone or black spot of highway. Through this 345 
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table, Zone 63, 64 and 65 should be considered as high hazardous zones during first period. 346 

Moreover, Zone 1, 7, 12, 27, 33, 37, 38, 51, 54, 56, 60, 61, 62, 63 and 64 are also considered 347 

as high hazardous zones during second period since they have priority values are greater than 348 

15. The number of hazardous zones in second period (2017-2018) are significantly more than 349 

first period (2009-2010). This is the primary factor of increase in motorization on the highway 350 

year by year can cause the road accidents more and more. Therefore, the number of hazardous 351 

zones in second period are more than in first period. 352 

 353 

 354 

4.5. Accident Severity Index  355 

   356 

 The accident severity index measures the number of deaths per accident. The accident 357 

severity index on Yangon-Bago highway road during two time periods is calculated as follows 358 

and the results are shown in table 4.  359 

 360 

Severity Index, SI =          (3) 361 

  362 

 The following Table 4 shows the two severity index values between two periods. 363 

Although the number of accident in first period is decreased than in second period, but the 364 

fatality rates in first period are increased than second period. Therefore, it is found that the 365 

severity index value in 2009-2010 is greater than in 2017-2018. 366 

 367 

Table 4. Comparison of Severity Index Values 368 

Interval of Time Severity Index 

First Time Interval (2009-2010) 0.223 

Second Time Interval (2017-2018) 0.175 

  369 

 370 

4.6. Clustering of Blackspots for Yangon-Bago Highway 371 

   372 

 Figure 11 shows the results of hotspot clustering approach for these highway are based 373 

on the traffic accident data for two periods.  374 

 375 

 376 
Figure 11. Accident Locations Mapping on Yangon-Bago Highway with Kernel Density 377 

Estimation Method 378 
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 The findings of hotspot locations were shown in this analysis that there is not just one 379 

case at each location and shown on the map in red speckles for both lanes of the highway. 380 

Considering the Figure 11, the most dangerous positions are practically found on the 381 

Yangon-Bago Highway. It is noticed that there are three dangerous sections spread which is 382 

the most dangerous portion of this highway. The red colour represents the very high accident 383 

occurring location and the orange colour shows the high accident occurring location. The 384 

yellow colour represents the medium accident occurring location and the green colour shows 385 

the low accident occurring location. The blue colour demonstrates the location which has not 386 

occurred. Along this highway, the first dangerous section are found at Zone 1, 4, 7, 12 and 13 387 

and the second dangerous section are observed at Zone 27, 32, 33 and 37. Moreover, it is 388 

discovered that Zone 54, 55. 56, 62, 63, 64 and 65 are located in the third dangerous section 389 

on the Yangon-Bago highway. The blackspot locations are shown in following Table 5. 390 

 391 

Table 5. Blackspots Location Analysis 392 

 393 

 394 

 395 

 396 

 397 

 398 

 399 

 400 

 401 

 402 

 403 

 404 

 405 

 406 

 407 

 408 

 409 

 410 

 411 

 412 

 413 

 414 

 415 

 416 

 417 

4.7. Factors affecting the Road Safety Problems 418 

 419 

Road traffic crashes are primarily caused by a combination of vehicle-related factors, 420 

road infrastructure issues, and road user behavior. It is essential to view these causes as part of 421 

an interconnected system. The interaction between physical infrastructure and human users 422 

plays a critical role. Road and vehicle designs must accommodate human error to ensure 423 

safety. On the Yangon-Bago Highway, various contributing factors have led to a high rate of 424 

road traffic accidents. Many drivers travel at speeds exceeding the legal limit and frequently 425 

disregard traffic regulations. Additionally, pedestrians, motorcyclists, and users of 426 

slow-moving vehicles often behave carelessly, showing little regard for traffic laws. 427 

Zone No. 

(Z) 

Location Analysis 

(Straight or Curve) 
Remark 

1 Straight Portion  

4 Straight Portion  

7 Straight Portion  

12 Straight Portion  

13 Straight Portion  

27 Straight Portion Intersection 

33 Straight Portion  

37 Curve Portion  

38 Straight Portion  

51 Curve Portion  

54 Straight Portion  

55 Straight Portion  

56 Curve Portion  

60 Straight Portion  

61 Straight Portion  

62 Curve Portion  

63 Curve Portion  

64 Curve Portion  

65 Straight Portion  
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To reduce the accident rate and enhance safety on the Yangon-Bago Highway, driver 428 

behavior, pedestrian and motorcyclist awareness, road infrastructure improvements, vehicle 429 

conditions, law enforcement should be carefully considered. By addressing these factors 430 

systematically and holistically, the risk of road crashes can be significantly reduced. 431 

 432 

Table 6. Factors affecting Road Accidents 433 

Factors that causes 

Road 

Accidents 

Road Safety Remedial 

Measures 
Photos 

Insufficient guardrail 

protection 

Crash-tested guardrails 

should be installed at 

appropriate intervals, 

especially near 

bridges.  

Lack of retroreflective 

signposts impairs night 

visibility. 

Retroreflective traffic 

signs and road surface 

markings should be 

installed and 

maintained regularly 

to ensure night-time 

visibility. 
 

Vulnerable road users 

on the highway 

Targeted education 

and awareness 

programs should be 

implemented for 

vulnerable road users. 
 

Lack of road shoulders 

reduces recovery space 

for vehicles and 

increases crash risk. 

Continuous and 

adequately wide 

roadside shoulders 

should be constructed 

to enhance safety and 

accommodate 

emergencies. 

 

 

Missing pavement 

markings reduce lane 

visibility and 

guidance, especially at 

night or in poor 

weather. 

High-visibility, 

durable pavement 

markings should be 

applied consistently 

along the highway 
 

Active construction 

sites near the roadway 

pose collision risks. 

Appropriate safety 

barriers and signage 

should be installed 

around construction 

zones. 
 

 434 
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4.8. Selection of Countermeasures and their CRFs for Blackspots 435 

 436 

The following countermeasures are selected and proposed for accident blackspots or 437 

hazardous zones of Yangon-Bago Highway to reduce traffic accidents. Their crash reduction 438 

factors (CRF) and their treatment life in years based on Countermeasure Service Life Guide of 439 

Federal Highway Administration, are also shown in this Table 7. 440 

 441 

Table 7. Types of Selected Countermeasures and Their CRFs 442 

Code 

(C) 

Types of Countermeasures CRF for All Casualty Crashes 

(%) 

Treatment 

Life(Year) 

1 Install modular crash attenuators 

(CAMS) with appropriate 

regulatory and warning signs. 

15% Motorcycles crashes only 10 

2 Install fixed speed and red-light 

enforcement cameras in both 

urban and rural areas. 

30% Speed related Crashes 10 

3 Upgrade existing roadway 

lighting to improve night-time 

visibility and safety. 

35% Dark Crashes only 15 

4 Install enhanced lighting at 

pedestrian crossings to increase 

visibility for both drivers and 

pedestrians. 

30% Pedestrian crashes 15 

5 Install advance curve warning 

signs to alert drivers of upcoming 

bends. 

40% 15 

6 Widen rural roadways by adding 

passing or climbing lanes to 

improve traffic flow and safety 

• 35% (if there is No increase 

in operating speed ) 

• 30% Run off road crashes 

• 14% FSI crashes 

20 

7 Expand urban roadways with 

additional lanes where capacity or 

safety improvements are needed 

30% (if there is No increase in 

operating speed) 

20 

8 Install new traffic signal systems 

at high-conflict or high-volume 

intersections. 

45% 10 

9 Install directional and 

informational guide signs for 

improved driver navigation. 

15% 15 

10 Install advance warning signs to 
alert drivers of upcoming road 

conditions or hazards. 

15% 15 

 443 

 In order to decrease the accident rate in hazardous areas, the countermeasures which 444 

associated the causes of accidents in blackspots are determined and proposed in this research. 445 

 446 

 447 

4.9. Predicted Effectiveness of Countermeasures based on Crash Reduction Factors  448 

 449 

The types of countermeasures are selected based on the analysis of the causes of 450 

accidents in accident prone areas. The observed crashes frequency before treatment and 451 
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expected average crash frequency after treatment based on crash reduction factors of 452 

countermeasures are predicted in the following Table 8. 453 

 454 

Table 8. Average Crash Frequency in Blackspots before and after Treatments 455 

Zone  

(Z) 

Observed 

Crashes 

frequency before 

treatment 

Types of Countermeasures 

Expected average 

crash frequency 

after treatment 

1 5 C1 ,C2, C3 , C9, C10 2 

4 3 C1, C2, C3, C4, C10 1 

7 5 C1, C2, C3, C4, C10 2 

12 6 C1, C2, C3, C4, C10 3 

13 5 C1, C2, C3, C4, C10 2 

27 10 C5,C8, C9, C10 4 

33 17 C1, C2, C3, C9, C10 9 

38 8 C1, C2, C3, C9, C10 4 

51 6 C1, C2, C3, C9, C10 3 

54 6 C1, C2, C3, C9, C10 3 

56 5 C1, C2, C3, C9, C10 2 

60 11 C7, C9, C10 4 

61 9 C7, C9, C10 4 

62 11 C7, C9, C10 5 

63 10 C7, C9, C10 4 

64 7 C7, C9, C10 3 

65 6 C7, C9, C10 2 

66 8 C7, C9, C10 4 

 Total = 130  Total = 61 

 456 

 457 

4.10. Assessment of Highway Safety  458 

 459 

The study analyzed road traffic crashes along the Yangon–Bago Highway during two 460 

nonconsecutive periods (2009–2010 and 2017–2018). In this study, 112 crashes were recorded 461 

during the first period and 234 crashes during the second period along the Yangon–Bago 462 

Highway corridor. The highest proportion of injury crashes, accounting for 32% and 46% 463 

respectively, were caused by collisions with other motor vehicles during both periods. 464 

Passenger cars and motorcycles were the most frequently involved vehicle types in crashes on 465 

the Yangon–Bago Highway in both periods. It was observed that traffic crashes were more 466 

likely to occur at night than during the daytime. Therefore, roadway lighting and traffic 467 

control devices such as speed limit signs, retroreflective signposts, and advance warning 468 

devices should be installed or upgraded, particularly at high-crash locations (also known as 469 

black spots), to reduce nighttime crash risk along the highway. 470 

The frequency method was used for ranking the accident locations on this highway. 471 

According to the priority values of Accident Severity Index method, Zone 63, 64 and 65 were 472 

the high hazardous zones during 2009-2010. Moreover, Zone 1, 7, 12, 27, 33, 37, 38, 51, 54, 473 

56, 60, 61, 62, 63 and 64 were also the high hazardous zones during 2017-2018. It was 474 

observed that there are three dangerous sections spread which is the most dangerous portion 475 

of this highway by clustering points of hotspots with Kernel density estimation method with 476 

QGIS. The first dangerous portion are located in Zone 4, 7, 12 and 13 and the second 477 
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dangerous portion are observed in Zone 27, 32, 33, 37 and 38. Zone 51, 54, 55. 56, 60, 61, 62, 478 

63, 64 and 65 were involved in the third dangerous portion on the Yangon-Bago Highway. It 479 

was observed that 13 blackspots are located mostly in straight portions of highway and 6 480 

blackspots are located at curve portions of highway. 481 

Accident data were analyzed by vehicle type, time (hour and month), types of vehicle 482 

collisions, and priority index. It was found that there were only three high-risk zones during 483 

the first period and fifteen high-risk zones along the Yangon–Bago Highway during the 484 

second period. 485 

Based on this analysis, the following conclusions are drawn: 486 

• With the increase in motorization, the number of traffic accidents has been rising each 487 

year, resulting in more accident blackspots. 488 

• Accidents tend to occur more frequently in crowded areas, particularly involving 489 

vulnerable road users such as motorcyclists and drivers. 490 

• The results indicate that Zone 64 (49–49.5 mile) was the most dangerous location 491 

during the first period, while Zone 33 (33.5–34 mile) was the most dangerous during 492 

the second period. 493 

• Nighttime accidents outnumbered daytime accidents in both years. This may be 494 

attributed to drunk driving, driver fatigue, and speeding during nighttime hours. 495 

• Motorcycles and motorcars were the vehicles most frequently involved in accidents in 496 

both years. Therefore, motorcyclists should be required to wear helmets and comply 497 

with traffic and helmet laws. 498 

• Males were more frequently involved in road traffic accidents than females in both 499 

periods. 500 

 501 

 502 

4.11. Road Safety Management for Yangon-Bago Highway 503 

 504 

This study highlights the critical road safety challenges faced along the Yangon–Bago 505 

Highway, with particular attention to the spatial concentration of accidents and the behaviour 506 

of road users. The findings demonstrate that collisions, especially those involving motor 507 

vehicles and motorcycles, are heavily influenced by excessive speed, inadequate enforcement 508 

of traffic laws, geometric design weaknesses, and insufficient driver education. 509 

To address these issues effectively, a multifaceted approach is required. Engineering 510 

improvements, including enhanced lighting and signage, must be paired with stricter law 511 

enforcement and sustained educational initiatives targeting all road users. Reducing speed 512 

limits in populated areas, enforcing helmet laws, and discouraging mobile phone use and 513 

drunk driving are essential actions to mitigate risks. 514 

Ultimately, improving road safety on the Yangon–Bago Highway will depend on the 515 

coordinated efforts of transportation authorities, law enforcement agencies, and the general 516 

public. Through data-driven strategies and continuous monitoring, it is possible to reduce 517 

accident rates, save lives, and promote a safer and more sustainable transport system in 518 

Myanmar. 519 

In populated urban areas and near construction sites, barriers or guardrails should be 520 

installed to protect vulnerable road users, including pedestrians and animals, from road traffic 521 

crashes. It was observed that accidents on the Yangon-Bago Highway during both study 522 

periods occurred slightly more frequently at night than during the daytime. Therefore, 523 

highway lighting, standard retroreflective signposts, and retroreflective guardrails should be 524 

installed along the highway to improve nighttime visibility. Additionally, countermeasures 525 

should be taken to address speeding and driving under the influence of alcohol. 526 
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Additionally, traffic control devices should be installed at necessary locations along 527 

the Yangon-Bago Highway. In the event of a road traffic accident, prehospital emergency care 528 

should be provided to the individuals involved. Therefore, ambulance services should be 529 

available in every township along the Yangon-Bago Highway. Emergency contact numbers 530 

and hotline information for ambulance services should be disseminated to all road users by the 531 

authorized road safety agencies. 532 

The warning signs and educational posters should be clearly displayed at hazardous 533 

locations. High-quality road infrastructure and safe geometric design contribute significantly 534 

to the safety of road users. Therefore, a comprehensive road safety management system 535 

should be implemented along the Yangon-Bago Highway. 536 

A total of 19 blackspots along the highway were analyzed based on their location 537 

characteristics. It was found that 13 blackspots are primarily located on straight sections of the 538 

highway, while 6 blackspots are situated on curved sections. Based on this blackspot analysis, 539 

the installation of warning signs to alert drivers to reduce speed on both straight and curved 540 

segments especially near intersections is recommended. Additionally, all drivers and road 541 

users must comply with traffic laws and regulations to enhance road safety. 542 

In summary, the following road safety management measures for high-risk zones 543 

should be implemented for all road users: 544 

 545 

• Seat Belt Use 546 

The authorized road safety authorities should conduct public awareness campaigns to 547 

promote seat belt use among vehicle drivers on the Yangon-Bago Highway. The seat belt 548 

usage rate can be increased through the installation of educational signboards and 549 

enforcement measures. 550 

 551 

• Helmet Use 552 

Motorcyclists are particularly vulnerable in the event of a crash, with head and neck 553 

injuries being the leading cause of serious injury, disability, and fatalities. The most effective 554 

physical protection against traumatic brain injury is the use of a crash helmet. Therefore, in 555 

order to enhance rider safety, helmet safety signs should be installed in these high-risk areas 556 

to encourage consistent helmet use. 557 

 558 

• Safety Education and Training 559 

 In populated areas, where motor vehicles, motorcycles, slow-moving vehicles, and 560 

pedestrians are densely present, ensuring safe and efficient traffic flow is essential. To achieve 561 

this, authorized traffic safety organizations should provide education and training programs 562 

for both drivers and pedestrians. 563 

 564 

• Speed Management 565 

To enhance road safety, vehicles on the Yangon–Bago Highway should be driven 566 

within the designated safe speed limits, particularly in high-risk zones. Speed control signs 567 

should be installed in advance of all bridge approaches to alert drivers and ensure speed 568 

reduction in these critical areas. 569 

 570 

• Drink Driving 571 

Road users who consume alcohol, even in relatively small amounts, are at increased 572 

risk of being involved in road traffic crashes. Alcohol impairs several functions critical to safe 573 

driving, including vision, judgment, and reaction time. Therefore, programs to reduce the 574 
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incidence of drink driving should be implemented, including public awareness campaigns, 575 

enforcement of legal limits, and random breath testing. 576 

 577 

• Prehospital Emergency Care 578 

In high-risk zones, prehospital emergency care should be provided to individuals 579 

involved in road traffic crashes. Early medical intervention can be critical in saving lives and 580 

reducing the fatality rate caused by traffic accidents.  581 

 582 

Moreover, modular impact cushions (CAMS) and regulatory or warning signs should 583 

be installed at blackspots and hazardous zones as emergency prevention measures. All 584 

regulatory traffic control devices must be supported by applicable laws, ordinances, or 585 

regulations. Fixed speed cameras should be installed in both urban and rural areas to monitor 586 

and ensure drivers comply with speed limits. Since the majority of accidents occur at night, 587 

existing highway lighting must be upgraded and improved to help reduce nighttime crashes. 588 

The Yangon–Bago Highway, which passes through both urban and suburban areas, 589 

requires pedestrian crossing lights to be installed and enhanced to improve pedestrian safety. 590 

Curve warning signs must also be placed at appropriate locations before curves to reduce the 591 

risk of accidents at these critical points. 592 

The guidance signs should provide drivers with clear, advance information about 593 

directions and highway conditions. The design features of these signs such as size, shape, 594 

colour, material, lighting or retro reflectivity, and contrast must work together to: 595 

• Attract driver attention, 596 

• Ensure the message is simple and clear, 597 

• Provide legibility and appropriate placement for timely driver response, 598 

• Promote uniformity and trust in the message being conveyed. 599 

Warning signs should be placed at appropriate locations to alert drivers of potential 600 

hazards on the highway, helping to prevent accidents. Additionally, pavement markings serve 601 

multiple safety functions: they separate traffic lanes, guide bicyclists with designated paths, 602 

indicate proper stopping locations for signal detection, and offer advance information for 603 

turning or crossing manoeuvres. Therefore, faded pavement markings must be repainted and 604 

maintained to enhance overall road safety on the highway. 605 

 606 
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